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Abstract 
 Beach erosion is a significant problem facing the coastlines of Zanzibar. This study 
addresses the current status of coastal erosion for the beaches of Paje and Nungwi, Unguja 
Island, Zanzibar. These sites were selected for their popularity as tourist destinations and 
likelihood of significant anthropogenic influence on shoreline change. Field observations were 
made and indicators of erosion were recorded during transects in both locations. Sediment 
samples were collected at fixed intervals along the transects and then analyzed statistically for 
grain size distribution trends at the Institute of Marine Science. Interviews were conducted with 
village residents to determine community response, and supplementary interviews were 
completed to gain greater comprehension of current legislation regarding coastal development. 
Study results show both beaches are undergoing significant erosion as a result of natural and 
anthropogenic forces. Recommendations were made for further studies on sediment transport, for 
increased monitoring of these and other beaches, and for greater enforcement of regulations by 
government officials. 
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Introduction 
 Beaches and coastal areas are relied on for livelihood and recreation but are significantly 
threatened by erosion worldwide. Sandy beaches in Unguja, Zanzibar cover a total distance of 
113.5 km, and significant erosion has been documented (Priority, 2000). Erosion is a natural 
process influenced by a variety of factors including wave energy, tides, and winds. A beach can 
naturally change over seasons and years, and a beach's ability to dynamically respond to 
changing weather and influences is critical (Daly, 2011). Each beach shoreline responds to 
natural and anthropogenic influences differently in accordance with its unique geomorphology 
and location.  
 The beaches of Paje and Nungwi are necessary for community livelihood through use as 
fishing ports, for seaweed farming, and recreational use. The economies of Nungwi and Paje are 
reliant on tourism. Since the 1980s, the sudden influx of tourists and the rapid development of 
hotels in Zanzibar have placed pressure on land demand. Tourism development is regulated 
through various laws that provided incentives and protective measures for foreign and local 
investment in Zanzibar (Azzan & Ufuzo, 2009). Unfortunately, many laws and regulations came 
after the tourism development had been established, and many investors have failed to comply. 
Damaging practices by hotels include hotel construction on sensitive beach land and without 
consideration of the marine resources. Historical buildings currently fail to meet this requirement 
due to the receding shoreline, and ongoing construction of building  disregards the law (Azzan et 
al., 2009). The intensified demand of beachfront hotels has lead to increased construction along 
the shoreline, leading to degradation of the resource that they are trying to exploit. 
 Some studies have been completed accessing the anthropogenic factors have been 
conducted in these areas, but there is a lack of an extensive, in-depth analysis of coastal erosion 
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affecting Zanzibar shorelines. Unfortunately, there is no way to completely stop beach erosion: it 
is part of the natural, dynamic changes to the coastal environment. However, rates and 
magnitude of erosion can be increased as a result of anthropogenic influences. Assessment of the 
human induced changes is important to evaluate the overall health and stability of the beaches. 
Continued observations and establishment of monitoring techniques are necessary to determine 
the scope and magnitude of anthropogenic and natural influence on the beaches in addition to 
natural forces. This study aims to assess the current status of beach erosion in Paje and Nungwi 
to determine if changes are necessary to current human influence. 
Geology 
 Unguja is composed primarily of fossiliferous coral limestone, known as 'coral rag'. 
During the Pleistocene epoch 72,000 to 130,000 years ago, the earth was in an interglacial 
period, which allowed the water previously trapped in glaciers to melt and be added to the sea. 
The sea level was approximately five meters higher than current conditions and resulted in the 
formation of extensive coral reefs such as those that compose the Zanzibar archipelago. More 
recently, during the last glacial maximum in the Holocene epoch 25,000 to 10,000 years ago, 
glaciers formed and covered the earth, causing the sea level to drop approximately 100 meters 
below current conditions. The coral reefs were exposed to weathering conditions and led to the 
establishment of vegetation on the islands of Zanzibar. Since the last glacial maximum, the 
global climate has been warming and the sea level has been increasing (Muzuka, Nyandwi, & 
Shaghude, 2004).  
Hydraulic Action 
  Sea level rise and climate change have been identified as significant related problems 
influencing rates of coastal erosion. The current tidal range is approximately four meters, but has 
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the potential to increase significantly as a result of the changing shoreline and increasing 
seawater level (Shaghude, 2014).  The documented rise of mean sea level has resulted in the loss 
of land as the water is able to reach higher elevations, and the increase will further influence the 
shoreline and infrastructure built near the beaches. The recent observed increase in scope and 
intensity of tropical storms also affects the rate of coastal erosion. The increased wave energy 
will expose the beaches to net sediment loss and greater frequency of storms prevents the beach 
from having time to recover and accumulate lost sand (Schlacher, Schoeman, Dugan, Lastra, 
Jones, Scapin, & McLachlan, 2008).   
 The climate of Zanzibar archipelago is dictated by two distinct monsoon wind seasons, 
the northeast and the southeast monsoons. The northeast monsoons, known as kaskazi, are from 
November to March and the southeast monsoons, or kusi, are from June to September and is 
characterized by stronger winds. The average rainfall in this region is over one meter and occurs 
primarily in the transition period between monsoon seasons. As a result, rain dominates during 
the months of September to November and March to May (Eaton, 2008).  
 The currents of the West Indian Ocean are determined by seasonal events and the water 
circulates Zanzibar dependent on the monsoonal conditions. The water surrounding Zanzibar 
moves along with the East African Coastal Current: the current comes from the South Equatorial 
Current and travels through the Zanzibar channel to meet with the Equatorial Counter Current 
(Eaton, 2008). The winds blow in a northeasterly direction from December to February, and 
switch to southwesterly direction during the months from March to May. The wind system is 
also responsible for the rainy seasons in East Africa due to the pressure from the Inter-tropical 
Convergence Zone. The current system and the rains determine the flow pattern of water around 
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the beaches. The increased intensity of the winds during the monsoonal seasons has the potential 
to create significant wave energy and considerable sediment transport along the beaches. 
Sediment Transport 
 The majority of the beaches in Zanzibar can be classified as sandy beaches, although 
there are some rocky coasts with exposed or carved out limestone. The beaches are composed of 
carbonate sand that indicates an oceanic origin, most likely of local coral reef or limestone 
decomposition (Pilkey, Kelley, & Cooper., 2011). Fine sandy beaches are most threatened by 
coastal degradation due to small grain size and high capacity of sediment transport (Gao & 
Collins, 1992). Sediment can be transported due by a variety of natural forces, including wave 
action, winds, and currents. The sediment on the beach is constantly being moved perpendicular 
to the beach due to wave action, and significant quantities of sediments are moved parallel to the 
beach as a result of longshore currents. Longshore sediment transport occurs primarily due to 
when a wave hits the beach obliquely so that the sediment carried in is at a different angle than 
the sediment that is removed.  
 The net transport of sediment is used to characterize a beach as accreting or eroding. If 
there is a net gain of sediment over time, the study beach can be classified as accreting, while if 
there is net loss of sediment over time then the beach is eroding (Shaghude, 2014). Sustained 
removal of beach sand exposes the underlying bedrock and can lead to irreversible erosion of the 
foundation of the beach. A beach is considered stable when the net sediment transport from one 
completed accretion and erosional cycle is close to zero, thus indicating no significant change to 
the beach over time (Pilkey et al., 2011).  
 Beaches naturally undergo changes on a daily, seasonal, and yearly basis that can affect 
the size of the beach. Since longshore currents have the capacity to change reverse directions, 
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such as in the case of the monsoonal currents influencing the Zanzibar channel, the beaches have 
the capacity to switch an accreting beach to an erosional setting. 
Field Signs of Coastal Erosion and Accretion 
 A beach can be defined as eroding if there are beach steps and uprooted trees, indicating 
the net loss of sediment in the area. Beach steps are identified as a sharp, almost vertical section 
of sand formed by wave erosion. The presence of undercut or collapsed cliffs also reveals high 
wave energy and resulting beach erosion. A flat or gentle beach slope can also be an indicator of 
eroding beach environment as sand is being removed from the beach faster than it can be 
accumulated. The measurement of slope can be variable throughout the intertidal zone and can 
be difficult to quantify, so general and comparative observational analysis can be made. The 
presence of hard structures is also telling of an erosional environment, one which humans have 
intervened to prevent impact on their property.  
 There are also field signs of an accreting beach: the presence of a beach berm, identified 
as a small, rounded accumulation of sand, and a steep beach slope are indicators of sand 
accumulation by wave action (Shaghude, 2014). A steep beach slope indicates a depositional 
environment of sand and is a sign of beach accretion.  
Natural Causes of Erosion 
 Multiple factors contribute to the rate and scale of erosion, most significantly the type of 
coastline and the energy of the sea. Beaches of fine-grained sand generally experience a faster 
rate of erosion in comparison to hard rock shores due to ease of sediment transport. Increases in 
wave energy, due to amplified magnitude or frequency of storms, more greatly affect sandy 
beaches in comparison to rocky coasts (Schlacher et al., 2008). Exposed cliffs can be undercut at 
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the bottom by consistent wave action. Any infrastructure in this area is threatened as extensive 
undercutting can lead to collapse of the cliffs (Shaghude, 2014).  
Human Induced Factors 
 Anthropogenic actions and structures have the potential to significantly affect erosion 
scale and rate in coastal environments. Development of roads, residences, and hotels near the 
shoreline can increase the rate of erosion due to increased use and demand for preventative 
structures to protect the infrastructure in place (Phillips & Jones, 2005). Anthropogenic factors 
such as the construction of stabilizing infrastructure and increasing use of the beach from tourism 
can affect these natural processes and can influence the magnitude of erosion experienced in an 
area. The construction of protective structures such as jetties and groins alter the natural 
sediment movement on the beaches. Practices such as mangrove cutting, sand mining or the 
removal of sand from the beach, and motorized activity can significantly affect the quantity of 
sand available in the beach environment.  
 Seaweed farming has also been established recently in Zanzibar, and many areas in 
Unguja and Pemba support these farms. It is currently unclear what influence these beaches have 
on the shoreline, but most agree that these practices alter the movement of water and sediment in 
the area. The establishment of large-scale seaweed farming can provide barriers to sediment flow 
and absorb incoming wave energy (Capaldi, cited in Daly, 2011). Seaweed farming can be used 
as an indicator of long-term beach stability and low levels of net sediment transport, as those are 
the conditions necessary for successful seaweed cultivation.  
Mitigation Measures 
 There are many different types of erosion mitigation structures and methods implemented 
around the world. Stabilizing structures are common along the shorelines of Unguja as they are 
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installed to improve beach navigation and prevent erosion. The two primary structure types are 
seawalls and groins. Seawalls are constructed parallel with the shoreline and in front of a 
building or area that is under threat of erosion to prevent the shoreline from receding. Groins are 
built perpendicular to the beach to prevent longshore transport of beach sediments (Pilkey et al., 
2008). The structures are typically made from concrete or metal but can also be constructed from 
natural products including rocks and wood. 
 While these structures can protect a small area from erosion, these mitigation methods 
frequently cause significant problems in the surrounding areas. Seawalls can intensify the rates 
of erosion in front of and adjacent to the structure due to the accumulation of wave energy. A 
wave's energy naturally breaks on the shore, but the construction of a hard structure causes the 
wave energy to reflect back onto the following wave. This causes greater wave energy to 
accumulate and influence the foreshore and adjacent beach. Groins can trap the sediment and the 
downdrift beaches lose vitality as a result (Shaghude, 2014). Seawalls and groins interrupt the 
natural movement of sediment and as a result, can cause the need for subsequent structures to be 
built to prevent the intensified erosion. Additionally, there are methods that can act similarly to 
seawalls but allow for more natural wave energy dissipation. Seawalls can be constructed from 
partially buried tree trucks or by creating 'rip rap,' stacked stones or boulders that are not 
cemented together. These methods protect the buildings as well as prevent the accumulation of 
high wave energy by allowing some water to pass through the structure (Komar, 1976) 
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Study Area 
 
Figure 1. Map of Unguja, Zanzibar with study areas highlighted in yellow. 
 
 This study was conducted at two beaches along the east and north of Unguja. Zanzibar 
consists of two main islands, Unguja and Pemba, and is located in the Indian Ocean. It is 
approximately 40 kilometers from the mainland and between latitudes 5 and 7 degrees south of 
the Equator.  
 The beaches of Nungwi and Paje were selected due to their popularity as tourist 
destinations and potential for significant anthropogenic impact on the beach environment. Paje is 
located on the southern east coast of Unguja. While conducting this study, the transect reached 
from Jambiani village to the south and included Bwejuu village to the north. This area of study 
was 15.4 kilometers (9.6 miles) long. Nungwi is located on the northern tip of Unguja. While 
conducting this study, the transect reached from Kendra village to the south and included the 
north tip of the island. This area of study was 5.8 kilometers (3.6 miles) long.  
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 The coasts of Unguja are characterized by diverse ecosystems including coral reefs, 
sandy beaches, lagoon mud flats, estuarial mangrove forests, and sea grass beds. Nungwi and 
Paje are coasts with fringing reefs. In both areas, a flat-topped reef bar has been eroded away by 
wave action and a continental shelf of fossilized reef limestone cliffs. The outer lying reef acts as 
a barrier for wave energy and provides shelter to the intertidal area, creating an extensive beach 
plain (Kaplan, 2007).  
 Sediment samples were collected from both beaches and brought back to the Institute of 
Marine Science in Stone Town, Unguja, for statistical analysis. Supplementary interviews were 
also conducted with government officials and a representative from Jamabeco, non-profit 
organization, in Stone Town, Unguja. 
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Methodology 
Observation Survey 
 A series of cross-shore transects were conducted along Paje and Nungwi beaches. At 
each location, the length of the beach was traveled by foot at both high and low tides. The first, 
conducted from Jambiani to Bwejuu, was 15.4 kilometers (9.6 miles) long. This centered on Paje 
beach and included area to the north and the south. The second, from Kendwa to Nungwi, was 
5.8 kilometers (3.6 miles) long. The length was determined by the odometer of the Garmin 
eTrexH personal navigator GPS unit provided by the School of International Training and 
confirmed by use of Google Earth software. An assessment document was used to assist in 
describing the beach area and determining the extent of coastal erosion (Appendix 1). Physical 
characteristics of the beach were noted including: appearance of the beach; slope steepness; 
vegetation at the top of the beach; any signs of shoreline degradation; evidence of illegal beach 
use such as sand mining, mangrove cutting, coral mining, and dynamite fishing; human activity 
in the area; and presence of protective structures.  Using all the collected data, an assessment was 
made on the status and vulnerability of each shoreline to erosion using a rating system 
(Appendix 2). Additionally, the beach management strategies and stabilizing structures along the 
transect were documented. The lengths of seawalls and other strategies were recorded using the 
odometer of Garmin eTrexH personal navigator GPS unit. This information was analyzed to 
determine the percentage of each erosion mitigation method in the two study areas. 
 Sediment Analysis 
 At each beach, sediment samples were collected at a fixed interval along the beach. 
Along the beach in Nungwi, samples were collected every 0.5 kilometer (0.4 mile). In Paje, 
samples were collected roughly one kilometer (0.8 mile) apart; a larger interval of sediment 
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collection was selected due to the greater length of area covered. The samples were collected 
from an estimated depth of three centimeters below the surface and about halfway between the 
low- and high-tide marks. Their locations were recorded using a Garmin eTrexH personal 
navigator GPS unit. Roughly 400 kilograms were retrieved from each site. Fourteen samples 
were collected at Paje and nine samples were collected at Nungwi. The samples were taken to 
the Institute of Marine Science for analysis. Each sample was washed to remove salt residue and 
then dried in an oven at 60 degrees Celsius. The grain size analysis was accomplished by dry 
sieving, where representative fractions of each sample were sieved through a set of sieves 
ranging from 2mm (-1 phi) to 63 microns (4 phi), spaced at 0.5 phi intervals. 
              
Figure 2. Map of sediment samples  
collected from Paje, Zanzibar. 
Figure 3. Map of sediment samples 
collected from Nungwi, Zanzibar. 
 
Community Interviews 
 Interviews were conducted to qualify findings and acquire additional information 
regarding resource degradation, land development, and their reactions to the observed changes 
(Appendices 3 and 4).  Interviews with community members, including fishermen, hotel 
employees, and tourist guides, were carried out using a semi-structured series of questions. 
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Nineteen individuals, eight male and eleven female, were interviewed in Paje and fifteen 
individuals, thirteen male and two females, were interviewed in Nungwi. The responses were 
then analyzed to determine consistencies between resident populations and as a whole. 
Supplementary Interviews 
 Unstructured interviews were also conducted with a Senior Urban Planner of Rural and 
Urban Planning, and with a chairperson of Jamabeco, a non-profit organization based in 
Jambiani. These interviews were conducted in Stone Town, Unguja. These provided additional 
insight on ongoing community education programs as well as the legislation and enforcement of 
the policies regarding land use and coastal development. 
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Results 
Field Observations 
 Data observed at both Paje and Nungwi beaches revealed that they are experiencing 
significant rates of erosion. At both sites, various vegetation environments, human activities and 
land use practices, and engineered protection structures were present. 
Table 1.  
Field observations as recorded at Paje and Nungwi beaches. 
 
Paje 
 The first transect was conducted on Paje beach from 06.32971oS, 39.55218oE to 
06.19275oS, 39.53578oE. The primarily sand beach had a gentle slope that led to a flat section at 
low tide. There were sections were the limestone bedrock had been exposed and the sand had 
 Paje Beach Nungwi Beach 
Length of Beach: 15.4 kilometers (9.6 miles) 5.8 kilometers (3.6 miles) 
Beach Facing: Open sea. Open sea and Tumbatu Island. 
Backshore facies: Residences, seawall, cliffs. Residences, seawall, cliffs. 
Foreshore facies: Sand, open sea. Sand, open sea. 
Morphology: Sandy beach, fine-grained 
sand. 
Sandy beach, medium-fine 
grained sand. 
Beach Step: Yes. Yes. 
Steepness of Beach Slope: Gentle, mostly flat. Gentle to moderate. 
Protective Structures: Seawalls. Seawalls. 
Vegetation: Goat's foot creeper,  coconut 
palms, and small shrubs. 
Coconut palms and small 
shrubs. 
Falling Trees: Yes. No. 
Dynamite Fishing: No. No. 
Seaweed Farming: Yes. No. 
Mangrove Cutting: No. No. 
Sand Mining: No. Yes. 
Coral Mining: No.  
Fishing Landing Site: Yes. Yes. 
Motorized Travel on Beach: Yes. Yes. 
Settlements in Vicinity of 
Beach (within 60m of high 
tide mark): 
Yes. Yes. 
Used for Recreation or 
Tourism: 
Yes. Yes. 
 been removed due to wave action. Preliminary f
grained. There were various beach erosion mitigation strategies in place including: seawalls 
constructed from palm logs and rocks, inclined seawalls, vertical concrete seawalls, and no 
change or natural beach (Figure 4
Figure 4. Erosion mitigation strategies observed in Paje, Unguja. 
  It was observed that 28 percent of the transect had hard structures installed at the high 
tide mark. Hard structures included vertical and inclined concrete seawalls, seawalls constructed 
of partially buried palm logs, and boulder 'rock barriers' and rip rap
seawalls varied in size from an estimated 0.25 meters to 1.7 m  meters in height. Along the 
transect, a total of 0.15 km had signs of failed or failing seawalls with
backshore. These failed seawalls were included in the 'seawall' category as they are a structure 
that continues to influence the sediment transport, despite no longer protecting the structure 
along the backshore. One jetty and o
There were several buildings within 30 meters of the high tide mark
constructed on top of undercut cliffs.
the transect near Paje and in the central 5 km of the transect. The beaches of Jambiani and 
Bwejuu, while both had buildings and protective structures, were significantly less developed in 
67%
ield assessment distinguished the sand as f
). 
 
 (Appendix 
 destroyed buildings in the 
ne building supported by log structures were observed.
 and one property 
 Primary field signs of erosion were observed in the area of 
5%
5%
3%
16%
4%
28%
Natural Beach
Cliff Backshore
Log Seawall
Rock Barrier
Seawall
Inclined Seawall
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comparison to Paje. There was generally a much larger beach berm and the beach slope was at a 
slightly higher gradient. However, there were some signs of erosion at Jambiani and Bwejuu 
there were more distinct. In the first 5 km of the transect near Jambiani, there were multiple 
failing sea walls and collapsed buildings. The final 5 km near Bwejuu included 0.60 km of the 
transect with significant beach scarp with exposed roots and fallen trees. The most significant 
scarp was about 1.5 meters tall. 
 The primary vegetation observed along the backshore was Goat's foot creeper (Ipomea 
pescaprae) (figure 5). Other vegetation types included coconut palms and small shrubs. While 
the majority of the beach was distinguished as 'natural' beach, this classification included areas 
where vegetation had been removed for beach access in front of hotels. The removal of 
vegetation and the observed beach scarp near Bwejuu can attribute to or indicate coastal erosion, 
but these areas were classified as 'natural beach' for this study. 
 
Figure 5.  Goat's foot creeper (Ipomea pescaprae) observed in Paje, Unguja. 
 
 The beach was used for various human activities, including seaweed farming, a fishing 
landing site, boat anchoring, coconut rope making processes, and recreational activities. Use of 
motorized vehicles and bicycles on the beach were observed. Over fifty traditional fishing boats 
were recorded at anchor along the transect and four fiberglass motor boats were noted at 
 moorings. The motorized boats provided daily providing transport to the reef for snorkel and 
SCUBA activities. Additionally, there wa
of the transect near Jambiani. The number of farms was not recorded in this study.
Nungwi 
 The second transect was conducted on Nungwi beach from 
05.72276o E39.30480o.The primarily sand beach had a gentle slope. In a small section of the 
transect the beach included a flat section at low tide, but the shoreline primarily was sandy along 
this transect. Additionally, there were sections were sand had been removed and the limes
bedrock was exposed. Field assessment distingui
were various beach erosion mitigation strategies in place including: seawalls constructed from 
palm logs and rocks, inclined seawalls, vertical concrete seawall
beach (Figure 6).  
 
    
 
 
Figure 6. Erosion mitigation strategies observed in Nungwi, Unguja. 
  
 It was observed that 17 percent of the transect had hard structures installed at the high 
tide mark. The seawalls varied in 
included vertical and inclined concrete seawalls and terraced seawalls constructed of partially 
buried palm logs and rocks (Appendix 6
59%
24%
s extensive seaweed farming along the southern section 
S 05.76076o 
shed the sand as medium-fine grained. 
s, and no change or natural 
height from an estimated 0.45 to 1.5 meters. Hard structures 
). This transect also included a section in which an 
7%
1%
8%
1%
17%
Natural Beach
Cliff Backshore
Log Seawall
Mined Sand Barrier
Seawall
Inclined Seawall
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artificial beach berm was constructed using bags of mined sand. The primary vegetation 
observed along the backshore was coconut palms and small shrubs. While the majority of the 
beach was distinguished as 'natural' beach, this classification included areas where vegetation 
had been removed for beach access in front of hotels. While the removal of vegetation can 
attribute to coastal erosion, these lengths were classified as 'natural beach' for this study. This 
transect consisted of 24 percent cliff backshore and was impassable during high tide. There were 
several buildings within 30 meters of the high tide mark and five properties constructed on top of 
undercut cliffs.  
 The beach was used for various human activities including fishing landing site, boat 
anchoring, boat building or repairs, and recreational activities. Over fifty traditional fishing boats 
were recorded at anchor at the north section of the transect. Additionally, there were four 
fiberglass motor boats and one fiberglass catamaran sailboat at anchor in the harbor. The 
motorized wooden boats provided daily transport to the reef and Mnemba Island for snorkel and 
SCUBA activities. The fiberglass boats were specifically for tourist activities such as parasailing, 
deep-sea fishing, and wakeboarding. Sand mining was observed in two locations along the 
transect and during the middle of the day. 
 Based on the field observations in Nungwi and Paje, an overall assessment for erosion 
could be identified for each area. A rating was assigned for six categories with one representing 
low risk and five as the highest value (Appendix 2). The overall risk value was determined by 
averaging the values from the six categories. Paje received a rating of 4.67 and the risk of 
erosion in Nungwi was determined to be 4.83.  
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Table 2. 
 Vulnerability of the shoreline to erosion indexes calculated from field observations. 
 
Sediment Analysis 
 Twenty-five samples, fifteen from Paje and ten from Nungwi, were collected during this 
study (Appendix 7).  Sample 2 was discarded from this study as it was collected 0.4 km from the 
previous and following samples, rather than the determined interval of 0.8 km. Due to this 
inconsistency, it was removed from the study and fourteen samples from Paje were analyzed. 
MCAD software helped to create a cumulative curve for each sample, which then provided 
percentiles to calculate useful statistics for analysis.  Twenty-four samples were each analyzed 
for mean grain size, sorting, skewness, and kurtosis (Table 3 and 4).  
Table 3.  Data Analysis of Samples Collected in Paje. 
Sample Mean Sorting Skewness Kurtosis 
1 1.960 1.560 -1.424 0.680 
3 0.681 1.403 -1.440 0.999 
4 2.402 1.267 -1.106 0.761 
5 1.260 1.763 -1.458 0.219 
6 2.462 1.204 -0.958 1.212 
7 2.243 1.486 -1.357 0.868 
8 2.035 1.705 -1.440 0.719 
9 1.721 1.929 -1.454 0.186 
10 0.732 1.927 -1.482 0.643 
11 2.815 0.791 0.569 1.042 
12 2.606 1.412 -1.268 1.065 
13 2.694 1.076 -0.650 1.598 
14 2.772 1.270 -1.185 1.543 
15 1.036 1.999 -1.476 0.352 
Variable Paje Beach Nungwi Beach 
Physical Setting: 4 4.5 
Shoreline Displacement: 5 5 
Geomorphology: 5 5 
Resource Use: 5 5 
Human Development Activities: 4 4.5 
Climate Change: 5 5 
Overall Risk for Erosion: 4.67 4.83 
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Table 4.  Data Analysis of Samples Collected in Nungwi. 
Sample Mean Sorting Skewness Kurtosis 
N16 0.299 1.287 -1.480 0.401 
N17 0.777 0.979 -1.411 0.168 
N18 0.500 1.310 -1.478 0.085 
N19 1.165 1.089 -1.435 0.787 
N20 0.732 1.089 -1.456 0.287 
N21 1.016 1.262 -1.463 0.479 
N22 1.162 1.256 -1.453 0.453 
N23 2.792 1.077 -0.885 1.574 
N24 2.900 0.895 -0.229 1.675 
N25 0.180 1.402 -1.482 0.879 
 
 The sediments from Paje can be primarily classified as fine-grained sediments, as the 
majority of the samples' main grain size was between 2.0 to 3.0 phi. Analysis of the Paje 
sampled determined that all the sampled except for one was poorly sorted and that the skewness 
was primarily negative. The Kurtosis of the samples had a wide range from leptokurtic to 
playkurtic. 
 The majority of the samples from Nungwi were between 0.0 to 1.0 phi, indicating coarse 
sediments. Nungwi was also poorly sorted and the skewness was entirely negative. The samples 
from Nungwi had a smaller range of Kurtosis, from leptokurtic to some very leptokurtic. 
Interview Responses 
Paje 
 Nineteen participants were interviewed in Paje: eight male and eleven female. Of this 
group, fourteen individuals were villagers and dependent on fishing as their source of income; 
one lived in the village and was a retired schoolteacher, and restaurants or hotels employed four 
participants. Of the nineteen participants interviewed, eighteen responded that they had noticed 
changes to the beach. When asked when the changes were first noticed, the period ranged from 
as recent as nine months ago to a time of about 12 to 15 years ago. The changes that were 
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observed included: destruction of land and removal of sand; 'maji moto' or a noticeable increase 
in water temperature; less fish; less seaweed growth and decrease in cultivation success. Half of 
the participants reported a change in the shoreline and water level, marked as the water 'eating' or 
'digging into' the land. Seven participants indicated that they had received messages regarding 
erosion and climate change. Sources of the messages included government officials and 
representatives from the Institute of Marine Science. Six participants revealed that they had made 
personal changes in response to erosion including planting goat's foot creeper and palm trees 
along the existing beach berm to stop erosion. Thirteen participants reported that they had not 
made any changes in response to the observed differences in changes to the coastal environment. 
Nungwi 
 Fifteen participants were interviewed in Nungwi: thirteen males and two females were 
participants. Of this group, six individuals were villagers and dependent on fishing as their 
source of income; six were employed by restaurants or hotels; and four individuals were 
employed as tourist guides or tourist activities. Of the fifteen participants interviewed, thirteen 
responded that they had noticed changes to the beach. Four of these participants distinguished 
kaskazi (the rainy monsoon season from March to May) as the source of the changes. The 
changes they described included: increased tourist activity; sea level rise to previously unaffected 
areas; removal of sand by ocean; heavier winds; old trees with exposed roots and falling trees. 
None of the participants interviewed said they had received messages regarding erosion or 
climate change. One respondent commented that government officials visited Nungwi roughly 
twenty years ago and constructed a small seawall that has collapsed since its completion. 
Additionally, the current building that houses the fish market was constructed recently due to sea 
level rise. The previous building was destroyed and is now part of the present day harbor.  
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 While none of the participants reported that they personally made changes to the beach, 
three villagers indicated that they were interested in establishing erosion mitigation efforts. One 
participant described a village-initiated plan to plant trees along the beach berm to prevent 
further erosion. Two participants responded that they thought the beach accessible by the public 
needs to construct a wall similar to that of the surrounding hotels in order to prevent further 
erosion. Despite these individuals' desires to establish mitigation measures, these three 
participants remarked that there was a lack of support from the government and from the village 
population to invest the necessary money or support required for project initiation. 
Table 4.  
Summary of Environmental Changes Experienced by Interview Participants. 
Paje Nungwi 
• destruction of land 
o 'water eating the land' 
• removal of sand by ocean 
• sea level rise 
• less fish available for catch 
• 'maji moto' - increase in water temperature 
• less seaweed growth 
o decrease in cultivation success 
• increased tourist activity 
• sea level rise to previously unaffected areas 
• removal of sand by ocean 
o more sand removed than in previous years 
• heavier winds 
• rapid sea level increase with tides 
• old trees with exposed roots and falling trees 
• more hotel development 
 
Supplementary Interviews 
 Two additional interviews were conducted in Stone Town with a Senior Urban Planner of 
Urban and Regional Planning and with a chairperson of Jamabeco. In the interview with a Senior 
Urban Planner, he identified significant conflicts between tourism developments and coastal 
resource management. He determined that the most significant problem facing coastal 
communities is the weakness of enforcement of the existing legislation. During his career, he has 
experienced illegal developments without required permissions and without severe punishments. 
There is currently no regulation for building protective structures such as seawalls and groins, 
but rather constructed based on individual investors' decisions. In his opinion, investors put their 
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desire for income before regarding existing laws and regulations governing construction. Despite 
contact by the Zanzibar Investment Promotion Authority (ZIPA) in which the investors are made 
aware of the legislation prior to construction, they choose to ignore the guidelines of 
development without significant consequences. Additionally, the interviewee identified limited 
effort made to help villagers, but rather all changes to be made within the community. He argued 
that this poses a significant problem as the residents lack the knowledge or resources to counter 
the effects of the expedited rates of erosion.   
 In an interview with a chairperson of Jamabeco, there are currently efforts to educate the 
local people and provide natural remediation to experienced erosion. Jamabeco is a non-
government organization whose goals are to protect the beaches of Zanzibar and increase 
education of surrounding communities. The organization currently has numerous ongoing 
projects, including installing trash receptacles along the beach and cleaning the beach, planting 
trees, and environmental education. In August 2009, Jamabeco applied for funding to educate 
Jambiani residents to plant Goat's foot creeper along the beach. This native plant has historically 
been significant for inhibiting erosion and is a natural mitigation technique. The interviewee 
explained that there has been much success with this program and he looks forward to 
encouraging more widespread use of this technique along Paje beach and in other areas. Despite 
Jamabeco's success, he identified the conflict between the environment and the economy; it is 
difficult to convince residents to change their behaviors without alterations by the hotel 
developers and their personal dependence on the coastal resources. Jamabeco is reliant on limited 
funding, but the organization hopes to share its education efforts with other coastal areas of 
Unguja. 
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Discussion 
 Both Paje and Nungwi beaches is and will continue to be extremely vulnerable to beach 
erosion, based on several factors. This is occurring due in part to natural processes including 
seawater level rise and strong monsoon activity, and the situation is intensified because of human 
activities. Sand mining, removal of coastal vegetation, building on the beaches, and construction 
of protective structures all contribute to erosion experienced in both areas. While sand loss 
occurs naturally as a result of alternating cycles of accretion and erosion, the permanent removal 
by sand mining or alteration of sediment movement by hard structures significantly influences 
the beach composition and natural processes. The coastal communities of Paje and Nungwi are 
severely threatened due to beach erosion due to the high natural risk associated with beach 
processes and is exacerbated by the proximity and extent of human impact on the land. 
 In both areas, there were many indicators of intensified beach erosion and shoreline 
change. The beach slope in Paje was primarily gentle and led to a flat lagoon area. At low tide, 
the distance from the high water mark to the ocean was greater than 500 meters. Similarly, the 
beach slope along the transect in Nungwi was dominantly gentle with some sections of moderate 
slope. The flat area at low tide was consistent for the entirety of the beach transect. At low tide, 
the beach width was significantly smaller than at Paje: the distance from the high water mark to 
the ocean in Nungwi was between 20 and 30 meters. A section at the north end of the Nungwi 
transect did have sediment accumulation and a flat exposed area at low tide, but this attributed to 
a small percentage of the overall transect. 
 Beach sand loss, through personal observations and historical accounts in interviews, is 
prominent in both areas. At both Paje and Nungwi beaches, there were areas where at high tide 
the beach was non-existent. The high water reaches areas where protective structures have been 
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constructed or to cliff faces that compose the backshore.  Additionally, there were observed 
fallen trees and exposed tree roots in both areas. In one interview with a participant in Nungwi, 
he indicated that the sand loss is more significant that any he had previously experienced and as 
a result previously unaffected trees now had exposed tree roots and some had fallen. In Paje, 
0.37 km of the transect had beach scarp. It was roughly 1.75 meters at the tallest height and had 
significant root exposure and fallen trees (Figure 7). 
 
 
Figure 7. Beach scarp and exposed tree roots observed in Paje. 
   
  Another significant indicator of beach erosion was the considerable amount of protective 
structures in place in both locations. Structures such as seawalls and groins are put in place to 
counter experienced erosion (Shaghude, 2014).  In Paje, 28 percent (4.06 km) of the transect had 
hard structures installed at the high tide mark. There were two lengths of the transect that were 
greater than 0.44 km with multiple, successive seawalls. In Nungwi, 17 percent (0.98 km) of the 
transect had hard structures installed at the high tide mark. At both Paje and Nungwi, several 
properties were in violation of the set back distance of 30 meters. It was common to see "on the 
beach" hut houses and seawalls. This has the potential for further damaging the beach by putting 
pressure on the resources in the foreshore and expediting erosion in the surrounding areas. 
Additionally construction on the beach can prevent access by local people and prohibit access to 
natural resources (Figures 8 and 9).  In an interview with Department of Land Planning revealed 
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that there are currently no guidelines regarding the construction of seawalls or protective 
structures. This was evident in the observed seawalls' variety of heights, degree of incline, 
foundation, and distance from the high water mark along the transects in Nungwi and Paje. 
 
    
Figure 8: High tide water reaches 
a seawall observed in Paje. 
Figure 9: Palm log seawall and local villagers 
observed in Nungwi. 
 
 It is significant to note that the recent sand loss along the two beaches has been greater in 
magnitude than previously structures are the solution for mitigating beach erosion. As a result, 
the large removal of the underlying sand can cause destruction for both the structure and the 
property (Figure 10 and 11). The constant battering of waves and seawater level rise erodes away 
the foundation, causing significant economic damage. Additionally, areas that were previously 
unaffected by shoreline change have undergone significant sand loss, leading to exposure of tree 
roots, falling trees, and water levels exceeding previously observed heights. During interviews in 
Paje and Nungwi, participants in both villages revealed that they had experienced higher water 
levels. In Nungwi, residents said that they have experienced water reaching the village during 
high tides. 
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Figure 10: Failed seawall and collapsed 
building observed in Paje, Unguja. 
Figure 11: Stairs and seawall with evidence of 
removal of sand foundation, Nungwi, Unguja. 
 
 Building in both areas that have been constructed on the overlying cliffs and on supports 
over the beach should be evaluated.  Increased wave energy due to intensified wind and sea level 
rise could lead to expedited rates of wave undercutting and erosion of the underlying limestone 
cliffs. Additionally, some of the supports for the building were built with existing outcrops of 
limestone (Figure 12). Limestone does not provide adequate long-term support for these 
buildings and their longevity is compromised with reliance on the island limestone. Nungwi and 
Paje are both significantly influenced by currents and monsoons, with considerable differences in 
sand accretion and erosion that is dependent on the direction of the water and wind. It is 
important that if new buildings are to be constructed in either area, that it be done with regard to 
the current monsoonal climate. The distance from the high water mark can alter drastically due to 
the seasonal accumulation or removal of sand, and designation of 30 meters from the high water 
mark during erosional period could cause significant damage to the property during high waters 
of an accretion period.  
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Figure 12: Limestone erodes relatively rapidly. Observed in Nungwi, Unguja. 
 
 The intensification of wave erosion and changes to the beach during the past decade can 
be attributed to changing environmental conditions and the unregulated development of hotels 
and protective structures. The protective hard structures in place along the beaches have 
significantly affected the natural beach composition and surrounding shoreline. While the 
seawalls, rock barriers, and other structures effectively protect the backshore area, the foreshore 
and adjacent beach experience significant alteration to natural sediment movement. The beaches 
of Nungwi and Paje displayed places less sand and recession of the shoreline where protective 
structures were built (Figure 13). 
 
Figure 13. Seawall and evidence of sand removal in Paje, Unguja. 
32 
 
 The information from the sediment analysis is also indicative of an environment that is 
highly susceptible to erosion. The samples from Nungwi and Paje both were poorly sorted and 
had a variety of sediments that were fine- to coarse-grained sediments. These classifications were 
determined using the Wentworth Scale for Mean Grain Size and commonly accepted sorting 
descriptive terms adapted from Folk and Ward (1957). Mean grain size is defined as the 
mathematical average of the grain diameters of a sample. It is capable of indicating the speed of 
the current, which deposited the sediment (Mosher 2011). Coarser, heavier sediments require a 
higher kinetic energy and thus a stronger and faster current to be carried. For this reason, 
sediment size decreases with the transport direction; it gets finer and finer in the path of water 
transport (Muzuka, 2000). Paje had dominantly fine-grained sediments, indicated that this beach 
is susceptible to sediment transport. In comparison, the majority of the samples from Nungwi 
were coarse-grained and less at risk of sediment transport due to higher energy required for 
movement. 
 The statistical analysis of the sorting and skewness is consistent with previous 
assessments of the beaches. Sorting distribution is a mathematical representation of the standard 
deviation of a sample. Poor sorting is indicative of a high variation of sediment particles, 
whereas a well-sorted sample has a low level of particle variation. Sorting can also provide 
information about the energy of the depositional current. A well-sorted environment would be in 
an area where current speed has not recently varied significantly, thus allowing the same sized 
gains to be deposited in the same place for an extended period of time (Mosher 2011). Both Paje 
and Nungwi had dominantly poorly sorted sediments, indicating a variation in wind and water 
current speeds. This is consistent with the influence of the changing monsoons throughout the 
year.  Additionally, the measurements of skewness are indicative of environmental mixing in 
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both areas. The skewness of the sample reveals the variation and magnitude of asymmetry of a 
sample with respect to normal distribution. This is measured graphically using a bell curve and 
samples made either positively or negatively skewed based on the direction in which the graph 
leans. Sediments tend to be finer and more negatively skewed along the water transport path 
(Muzuka 2000). The samples from Paje and Nungwi were either primarily or entirely negative. 
This indicates that the distributions of sediments is shifted to the fine end or have positive phi 
values. A negative skewness is consistent with the determination of fine-grained sediments in 
both areas and indicates that the samples collected have some fine-grained components.  
Additionally, this may indicate that the samples were found in an environment prone to sediment 
mixing.  
 Additionally, the measures of kurtosis from Paje and Nungwi also indicate susceptibility 
for beach erosion. Kurtosis is the statistical measurement used to determine environmental 
mixing. It is a measurement of the peakness or flatness of the graphic representation of a 
statistical distribution of the sample. Curves that are more peaked than the normal distribution 
curve are termed "leptokurtic" and those that are more flat than normal are classified as 
"playkurtic" (Mosher, 2011). Paje had a wide range of Kurtosis distributions, from leptokurtic to 
playkurtic. This indicated that there is a variance in degree of mixing throughout the beach. 
However, nine of the samples were either very playkurtic or playkurtic, indicating that the 
majority of the beach may have been found in an environment prone to sediment mixing. In 
comparison, Nungwi had primarily leptokurtic samples with some very leptokurtic. This 
indicated that the samples were peaked and could have gone through similar environmental 
mixing. The degree of environmental mixing in both areas is indicative of a dynamic, changing 
beach environment. Despite the variations in Kurtosis and sorting classifications, the statistical 
34 
 
analysis of the two sites reveals that the beaches are influenced by the monsoonal deposition and 
removal of sand. From this analysis, it is unclear if anthropogenic forces are influencing the 
characteristics of the sediments. 
 Through the interviews with the community members in both areas, it was clear that both 
groups of participants are aware of the changes to the beaches. The local people have 
experienced a variety of changes and are directly affected due to their reliance on the coastal 
resources for their livelihood. Due to this, residents in both Nungwi and Paje indicated that they 
had made personal changes in response to the shoreline change or were in the process of 
initiating strategies. In Paje, residents have been encouraged by government officials, members 
of the Institute of Marine Science, and by Jamabeco to plant Goat's foot creeper along the edge 
of the beach to prevent erosion. Residents in Nungwi have noticed the success of erosion 
mitigation by the hotels and individual members of the community are developing plans to 
construct their own protective structure or plant vegetation along a cleared section of the beach. 
Village members in Paje and Nungwi are reliant on natural mitigation strategies and personal 
investments to implement community responses. 
 There are significant issues of enforcement of the laws and regulations regarding 
construction of building in close proximity to the shoreline. As the Senior Consultant of 
Regional and Urban Planning pointed out, there is existing legislature that should act to protect 
coastal resource, but the government lacks the ability to uphold the law. Hotel investors have a 
greater financial incentive to disregard the regulations prohibiting developing on the beach as 
tourists have a high desire to stay close to the beach. Another indicator of this was observed sand 
mining during the middle of the day (Figure 14). While this practice is outlawed, it was directly 
viewed in Nungwi and reported in Paje during the interview with the chairperson of Jamabeco. 
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Without the proper punishment in accordance to the law, the coastal resources will continue to 
suffer and there will be resulting degradation of the shoreline. The rates of coastal erosion in 
Nungwi and Paje have increased due to increased anthropogenic influence in the area and these 
practices need to be prevented to stop further damage to the beaches. 
 
Figure 14. Sand mining in Nungwi. 
 
 Villagers, investors, and tourists should be made aware of the causes and effects of 
coastal erosion through education programs. Efforts to make individuals aware of the 
consequences of coastal developments and natural resource use can alter the intensity of 
anthropogenic impact on the rate and magnitude of coastal erosion in the areas. The level of 
seawater rise, intensity of wind and storm events, and magnitude of sand loss has not been 
previously experienced in Zanzibar, and has the potential to get worse with increasing changes to 
the climate. Education efforts could be made to teach residents and hotel employees about 
environmental changes and response options that are beneficial to both their needs and the 
environment. Tourists can also be made aware of the ongoing changes and be provided 
recreation and housing options that support the environment and are not contributing to beach 
erosion. 
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Conclusion 
 From field observations, statistical analysis, and interviews, it appears that both beaches 
are undergoing significant rates of beach erosion. While there is no way to completely stop beach 
erosion due to its part as a dynamic cycle, rates  and magnitude of erosion can be drastically and 
irreversibly increased as a result of anthropogenic forcing. There appears to be natural causes, 
such as wave erosion and monsoonal currents, and anthropogenic forces, including construction 
of protective structures and sand mining. Participants of both communities have been affected by 
the observed changes and reported feeling that their livelihood was threatened due to changing 
climate and rising seawater level. While some have made efforts to respond to the shoreline 
changes, many lack the knowledge of sustainable or environmentally conscious responses. 
Additionally, there is significant influence by the hotel developments in both Nungwi and Paje 
that do not comply with Zanzibar laws and regulations. In order for this behavior to be 
permanently stopped, the government needs to enforce the current legislation and promote 
alternatives. 
 Sediment analysis revealed that both beaches are environments that have active mixing, 
which stresses the importance of upholding the legislation preventing construction within 30 
meters and the need for regulation of protective structure engineering. Both Paje and Nungwi are 
influenced by the monsoonal deposition and erosion of beach sand and unregulated development 
of buildings can lead to irreversible changes of sediment transport. A better understanding of the 
beach environment may help people make more informed decisions about their use of the beach. 
While it would be unreasonable to require businesses and residents to abandon their current 
properties, their future decisions and construction coupled with a greater understanding of their 
environment and governmental assistance has the potential to reduce beach erosion. 
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Recommendations  
 Further studies on sediment transport and increased monitoring of Paje and Nungwi 
beaches in conjunction with surveys of other tourist destinations is necessary to gain a greater 
understanding of the anthropogenic forcing on erosion rates. This study was limited in scale and 
could be greatly improved with a comparative analysis during other monsoonal conditions. An 
analysis of historical images in conjunction with improving satellite imagery could offer the 
opportunity to determine the rate and magnitude of erosion over time.  
 Furthering environmental education within coastal communities and business investments 
will be essential in conveying messages regarding shoreline erosion and for the implementation 
of more natural mitigation techniques. While there appears to have been some education efforts 
in Paje, a more comprehensive and continued source of education for all coastal communities 
would be greatly beneficial. Without proper understanding of the situation at hand and the 
impact that the community and buildings have, residents and hotel developers will be unable to 
make appropriate decisions regarding their uses of the shoreline and its resources. Additionally, 
illegal and haphazard development of hotels will most likely continue without greater 
enforcement of laws and regulations by government officials. It is necessary for all members of 
the community be held responsible for their actions in accordance to the law and for the 
betterment of the shoreline and coastal ecosystems. 
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Appendix 1: Field Form for the Non-Expert Assessment of Coastal Erosion 
 
Beach Name:     Date:    
Starting Coordinates: __________________      Ending Coordinates: __________________ 
             __________________                        __________________ 
Weather: ____________________________   Wave Height/Energy: ___________________ 
 
Substrate:  sandy  gravel  rocky  cliff 
       If the beach sediment is mainly sand, attempt to classify it as  coarse  medium  fine 
 
Presence of Beach Step? __________      Approximate Height: ______________ 
 
General Steepness:  gentle  steep 
 Estimate the degree of slope ______________ 
 
List any hard structures viewed on beach (jetty, seawall, etc): 
 
 
 
 
 
Vegetation present at top of beach?   yes  no 
 Describe the vegetation types observed (primarily trees/shrubs; mixed) ______________ 
Notice any fallen trees or shrubs?      yes  no 
 
Beach used for recreation/tourism:    yes  no 
Motorized travel on beach:                 yes  no 
Used as a fishing landing site:               yes  no 
Other land use observed:   coral mining         sand mining  
          seaweed farming  mangrove cutting 
 
 
Additional Observations: 
 
 
   
 
 
 
 
41 
 
Appendix 2: Status and Vulnerability of the Shoreline to Erosion  
Variable Index of Vulnerability 
 (1-5)  
Guidance for Scoring Risks for Erosion  
1 – very low  
2 – low  
3 – moderate  
4 – high  
5 – very high  
 
Physical setting (shelter degree)  
 (a) If shoreline is facing:  
- Mangrove stands ……………………………………………. 1  
- Natural sea grass beds ………………………………………. 2  
- Sand banks/spits …………………………………………….. 3  
- Islands ………………………………………………………. 4  
- Open sea ……………………….............................................. 5  
(b) Fetch character:  
- Fetch less than 25 km ……………………………………...…1  
- Fetch between (25-50 km) ………………………………….. 2  
- Fetch between (50-100 km) ………………………………… 3  
- Fetch between (100-160 km) ……………………………….. 4  
- Fetch > 160 km ……………………………………………... 5  
Shoreline displacement (m/yr)   - Accretion (>2 m/yr) ………………………………………… 1  
- Accretion (1–2 m/yr) ……………………………………….. 2  
-Stable (-1.0 - +1 m/yr) ...…………………………………….. 3  
- Erosion (-1 to -2 m/yr) ……………………………………… 4  
- Erosion (< -2 m/yr) ……………............................................. 5  
Landform and Geomorphology   - Rock, cliffs (above 10m) …………………………………… 1  
- Medium cliffs (below 10m) ………………………………… 2  
- Low cliffs (below 5m), salt marshes, coral reefs and 
mangroves ……………………………………………………. 3  
- Pebble beach, estuary, lagoon and alluvial plain …………… 4  
- Barrier beach, mud flat and delta …………………………… 5  
Resource use   - Dynamite fishing ……………………………………………. 1  
- Coral mining ………………………………………………... 2  
- Mangrove cutting …………………………………………… 3  
- Mining of riverbed sand …………………………………….. 4  
- Mining of beach sand ……………………………………….. 5  
 
Human development activities  
 - Building on beaches (beyond 60m) ………………………… 1  
- Shore protection structures …………………………………. 2  
- Sediment trapping (ports, dams) ……………………………. 3  
- Salt making and prawn/fish farming ………………………... 4  
- Building on beaches (within 60m) ………………………….. 5  
Climate change  
 (a) Frequency of storms (gust winds)  
- Very low frequency (once in 50yrs) ………………………... 1  
- Low frequency (ones in 25yrs) ……………………………... 2  
- Frequent (once in 10yrs) ……………………………………. 3  
- High frequency (once in 5yrs) ……………………………… 4  
- Very high frequency (once in 2yrs) ………………………… 5  
(b) Frequency of droughts  
- Very low frequency (once in 50yrs) ………………………... 1  
- Low frequency (once in 25yrs) ……………………………... 2  
- Frequent (once in 10yrs) ……………………………………. 3  
- High frequency (once in 5yrs) ……………………………… 4  
- Very high frequency (once in 2yrs) ………………………… 5  
(c) Frequency of heavier than normal rainfall  
- Very low frequency (once in 50yrs) ………………………... 1  
- Low frequency (once in 25yrs) ……………………………... 2  
- Frequent (once in 10yrs) ……………………………………. 3  
- High frequency (once in 5yrs) ……………………………… 4  
- Very high frequency (once in 2yrs) ………………………… 5  
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Appendix 3: Interview Questions for Villagers 
 
1. What are your views on change along the shoreline and coast in general? Have you noticed 
significant changes to the beaches? 
 
2. What do you think are the causes of these changes? 
 
3. Have there been social costs of such changes? If yes, can you give examples (i.e. 
displacement, los of livelihood activity)? 
 
4. Have there been economic costs of shoreline changes to you or your household (i.e. incurred 
costs of property maintenance)? 
 
5. Have you received messages about shoreline changes and coastal erosion? 
 
6. If yes, what are the messages and where did you get this information? 
 
7. Are the messages understandable? Are they easy to follow or adhere to? 
 
8. Have you personally made any changes to ensure that you are not part of the causes of coastal 
erosion problem? If yes, can you give some examples? 
 
 
Appendix 4: Interview Questions for Hotel Employees 
1. What is your position at the hotel? How long have you worked at this location? 
 
1. When was the hotel constructed? What is the guest capacity? 
 
2.  What are your views on change along the shoreline and coast in general? Have you noticed 
significant changes to the beaches? 
 
3. Have there been economic costs of shoreline changes to your property?  
 
4. What protective measures have been implemented on your property? Have they been 
successful? 
 
5. Do you think these installations or practices have had any environmental or social impacts? 
 
6. Have you received messages about shoreline changes and coastal erosion? If yes, what are the 
messages and where did you get this information? 
 
7. Does your property have an Environmental Impact Assessment? If yes, are these practices 
easy to follow or adhere to? 
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Appendix 5: Mitigation strategies observed in Paje, Unguja. 
Natural Beach Cliff 
Vertical Seawall (Palm Trunks) Vertical Seawall (Concrete) 
Inclined Seawall Artificail/Built Platform 
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Appendix 6: Mitigation strategies observed in Nungwi, Unguja. 
 
Natural Beach Cliff 
Vertical Seawall (Coconut Trunks) Vertical Seawall (Concrete) 
 
Inclined Seawall Artificial/Built Platform 
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Appendix 7: GPS Coordinates of Samples Collected 
Paje, Zanzibar  Nungwi, Zanzibar 
1 S 06.32971o 
E 39.55218o 
 16 S 05.76076o 
E 39.28820o 
2 * 
discarded 
S 06.32345o 
E 39.54990o 
 17 S 06.75545o 
E 39.28724o 
3 S 06.31807o 
E 39.54788o 
 18 S 05.75044o 
E 39.28912o 
4 S 06.30720o 
E 39.54374o 
 19 S 05.74572o 
E 39.28912o 
5 S 06.29750o 
E 39.54150o 
 20 S 05.73994o 
E 39.28880o 
6 S 06.28681o 
E 39.53813o 
 21 S 05.73440o 
E 39.29025o 
7 S 06.27587o 
E 39.53703o 
 22 S 05.72880o 
E 39.29130o 
8 S 06.26656o 
E 39.53672o 
 23 S 05.72412o 
E 39.29418o 
9 S 06.25521o 
E 39.53637o 
 24 S 05.72250o 
E 39.29964o 
10 S 06.24389o 
E 39.53518o 
 25 S 05.72276o 
E39.30480o 
11 S 06.23879o 
E 39.53458o 
   
12 S 06.22726o 
E 39.53348o 
   
13 S 06.21577o 
E 39.53372o 
   
14 S 06.20403o 
E 39.53519o 
   
15 S 06.19275o 
E 39.53578o 
   
 
 
*Sample 2 was discarded as the interval between sample 1 and sample 2 was .25km apart, rather 
than 0.5 km (the interval used for subsequent samples). Use of samples 1 and 3 maintained the 
interval of 0.5km between sampling points, and were used for this study. 
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Appendix 8: Data Collected from Sieving.  
 
 
Sample # 1 Sample # 8 Sample # 14 Sample # 20
Weight of Sample 77.26 Weight of Sample 75.54 Weight of Sample 75.99 Weight of Sample 75.97
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 5.02 6.50 5.02 6.50 -1.0 2.000 6.28 8.31 6.28 8.32 -1.0 2.000 1.20 1.58 1.2 1.58 -1.0 2.000 8.52 11.21 8.52 11.22
-0.5 1.410 3.11 4.03 8.13 10.52 -0.5 1.410 4.28 5.67 10.56 14.00 -0.5 1.410 1.25 1.64 2.45 3.23 -0.5 1.410 4.51 5.94 13.03 17.17
0.0 1.000 3.83 4.96 11.96 15.48 0.0 1.000 3.70 4.90 14.26 18.90 0.0 1.000 1.97 2.59 4.42 5.83 0.0 1.000 5.72 7.53 18.75 24.70
0.5 0.710 4.39 5.68 16.35 21.16 0.5 0.710 3.22 4.26 17.48 23.17 0.5 0.710 2.65 3.49 7.07 9.32 0.5 0.710 8.00 10.53 26.75 35.24
1.0 0.500 6.35 8.22 22.7 29.37 1.0 0.500 4.89 6.47 22.37 29.65 1.0 0.500 3.90 5.13 10.97 14.46 1.0 0.500 14.21 18.70 40.96 53.96
1.5 0.350 4.88 6.32 27.58 35.69 1.5 0.350 4.06 5.37 26.43 35.03 1.5 0.350 2.42 3.18 13.39 17.66 1.5 0.350 15.79 20.78 56.75 74.76
2.0 0.250 4.07 5.27 31.65 40.95 2.0 0.250 2.30 3.04 28.73 38.08 2.0 0.250 1.43 1.88 14.82 19.54 2.0 0.250 12.11 15.94 68.86 90.71
2.5 0.180 4.09 5.29 35.74 46.25 2.5 0.180 1.87 2.48 30.6 40.56 2.5 0.180 1.28 1.68 16.1 21.23 2.5 0.180 4.97 6.54 73.83 97.26
3.0 0.125 12.61 16.32 48.35 62.56 3.0 0.125 7.95 10.52 38.55 51.10 3.0 0.125 5.46 7.19 21.56 28.43 3.0 0.125 1.57 2.07 75.4 99.33
3.5 0.090 22.18 28.71 70.53 91.27 3.5 0.090 27.97 37.03 66.52 88.18 3.5 0.090 38.22 50.30 59.78 78.82 3.5 0.090 0.40 0.53 75.8 99.86
4.0 0.063 6.21 8.04 76.74 99.30 4.0 0.063 7.96 10.54 74.48 98.73 4.0 0.063 14.94 19.66 74.72 98.52 4.0 0.063 0.11 0.14 75.91 100.00
pan 0.54 0.70 77.28 100.00 pan 0.96 1.27 75.44 100.00 pan 1.12 1.47 75.84 100.00 pan 0.00 0.00 75.91 100.00
Loss in sieving (g)-0.02Loss in sieving (%) -0.0259 Loss in sieving (g)0.1Loss in sieving (%) 0.13238 Loss in sieving (g)0.15Loss in sieving (%) 0.19739 Loss in sieving (g)0.06Loss in sieving (%) 0.07898
Sample # 3 Sample # 9 Sample # 15 Sample # 21
Weight of Sample 74.01 Weight of Sample 76.95 Weight of Sample 70.11 Weight of Sample 84.98
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 6.1 8.24 6.1 8.26 -1.0 2.000 8.22 10.68 8.22 10.71 -1.0 2.000 14.33 20.44 14.33 20.46 -1.0 2.000 11.28 13.27 11.28 13.29
-0.5 1.410 6.86 9.27 12.96 17.55 -0.5 1.410 5.52 7.17 13.74 17.91 -0.5 1.410 8.01 11.42 22.34 31.90 -0.5 1.410 3.78 4.45 15.06 17.74
0.0 1.000 11.65 15.74 24.61 33.33 0.0 1.000 6.52 8.47 20.26 26.41 0.0 1.000 7.58 10.81 29.92 42.72 0.0 1.000 4.25 5.00 19.31 22.75
0.5 0.710 14.55 19.66 39.16 53.04 0.5 0.710 7.25 9.42 27.51 35.86 0.5 0.710 7.19 10.26 37.11 52.99 0.5 0.710 5.77 6.79 25.08 29.54
1.0 0.500 15.04 20.32 54.2 73.41 1.0 0.500 7.04 9.15 34.55 45.03 1.0 0.500 5.26 7.50 42.37 60.50 1.0 0.500 9.75 11.47 34.83 41.03
1.5 0.350 6.04 8.16 60.24 81.59 1.5 0.350 1.98 2.57 36.53 47.61 1.5 0.350 1.40 2.00 43.77 62.50 1.5 0.350 12.71 14.96 47.54 56.00
2.0 0.250 1.92 2.59 62.16 84.19 2.0 0.250 0.77 1.00 37.3 48.62 2.0 0.250 0.71 1.01 44.48 63.52 2.0 0.250 18.09 21.29 65.63 77.31
2.5 0.180 0.73 0.99 62.89 85.18 2.5 0.180 0.81 1.05 38.11 49.67 2.5 0.180 0.58 0.83 45.06 64.34 2.5 0.180 12.20 14.36 77.83 91.68
3.0 0.125 1.71 2.31 64.6 87.50 3.0 0.125 3.50 4.55 41.61 54.24 3.0 0.125 1.72 2.45 46.78 66.80 3.0 0.125 5.63 6.63 83.46 98.32
3.5 0.090 4.77 6.45 69.37 93.96 3.5 0.090 19.23 24.99 60.84 79.30 3.5 0.090 11.16 15.92 57.94 82.74 3.5 0.090 1.36 1.60 84.82 99.92
4.0 0.063 3.82 5.16 73.19 99.13 4.0 0.063 13.57 17.63 74.41 96.99 4.0 0.063 10.78 15.38 68.72 98.13 4.0 0.063 0.07 0.08 84.89 100.00
pan 0.64 0.86 73.83 100.00 pan 2.31 3.00 76.72 100.00 pan 1.31 1.87 70.03 100.00 pan 0.00 0.00 84.89 100.00
Loss in sieving (g)0.18Loss in sieving (%) 0.24321 Loss in sieving (g)0.23Loss in sieving (%) 0.2989 Loss in sieving (g)0.08Loss in sieving (%) 0.11411 Loss in sieving (g)0.09Loss in sieving (%) 0.10591
Sample # 4 Sample # 10 Sample # 16 Sample # 22
Weight of Sample 74.28 Weight of Sample 86.38 Weight of Sample 68.58 Weight of Sample 83.94
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 0.94 1.27 0.94 1.27 -1.0 2.000 23.29 26.96 23.29 27.01 -1.0 2.000 16.83 24.54 16.83 24.56 -1.0 2.000 8.86 10.56 8.86 10.58
-0.5 1.410 0.68 0.92 1.62 2.18 -0.5 1.410 7.11 8.23 30.4 35.25 -0.5 1.410 7.16 10.44 23.99 35.01 -0.5 1.410 3.27 3.90 12.13 14.48
0.0 1.000 1.40 1.88 3.02 4.07 0.0 1.000 9.05 10.48 39.45 45.74 0.0 1.000 6.73 9.81 30.72 44.83 0.0 1.000 3.89 4.63 16.02 19.13
0.5 0.710 3.19 4.29 6.21 8.37 0.5 0.710 10.96 12.69 50.41 58.45 0.5 0.710 7.30 10.64 38.02 55.48 0.5 0.710 5.71 6.80 21.73 25.95
1.0 0.500 7.91 10.65 14.12 19.04 1.0 0.500 8.97 10.38 59.38 68.85 1.0 0.500 9.44 13.76 47.46 69.25 1.0 0.500 10.38 12.37 32.11 38.34
1.5 0.350 6.89 9.28 21.01 28.33 1.5 0.350 1.66 1.92 61.04 70.78 1.5 0.350 7.86 11.46 55.32 80.72 1.5 0.350 12.56 14.96 44.67 53.34
2.0 0.250 3.72 5.01 24.73 33.34 2.0 0.250 0.53 0.61 61.57 71.39 2.0 0.250 5.66 8.25 60.98 88.98 2.0 0.250 16.56 19.73 61.23 73.11
2.5 0.180 2.74 3.69 27.47 37.04 2.5 0.180 0.52 0.60 62.09 72.00 2.5 0.180 3.41 4.97 64.39 93.96 2.5 0.180 12.91 15.38 74.14 88.53
3.0 0.125 11.56 15.56 39.03 52.62 3.0 0.125 2.04 2.36 64.13 74.36 3.0 0.125 2.96 4.32 67.35 98.28 3.0 0.125 6.65 7.92 80.79 96.47
3.5 0.090 26.20 35.27 65.23 87.95 3.5 0.090 10.65 12.33 74.78 86.71 3.5 0.090 1.11 1.62 68.46 99.90 3.5 0.090 2.53 3.01 83.32 99.49
4.0 0.063 7.80 10.50 73.03 98.46 4.0 0.063 9.54 11.04 84.32 97.77 4.0 0.063 0.07 0.10 68.53 100.00 4.0 0.063 0.43 0.51 83.75 100.00
pan 1.14 1.53 74.17 100.00 pan 1.92 2.22 86.24 100.00 pan 0.00 0.00 68.53 100.00 pan 0.00 0.00 83.75 100.00
Loss in sieving (g)0.11Loss in sieving (%) 0.14809 Loss in sieving (g)0.14Loss in sieving (%) 0.16207 Loss in sieving (g)0.05Loss in sieving (%) 0.07291 Loss in sieving (g)0.19Loss in sieving (%) 0.22635
Sample # 5 Sample # 11 Sample # 17 Sample # 23
Weight of Sample 84.38 Weight of Sample 83.04 Weight of Sample 84.52 Weight of Sample 77.18
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 10.05 11.91 10.05 11.95 -1.0 2.000 0.06 0.07 0.06 0.07 -1.0 2.000 4.71 5.57 4.71 5.58 -1.0 2.000 0.57 0.74 0.57 0.74
-0.5 1.410 5.60 6.64 15.65 18.60 -0.5 1.410 0.06 0.07 0.12 0.14 -0.5 1.410 5.20 6.15 9.91 11.74 -0.5 1.410 0.88 1.14 1.45 1.89
0.0 1.000 8.15 9.66 23.8 28.29 0.0 1.000 0.12 0.14 0.24 0.29 0.0 1.000 8.61 10.19 18.52 21.94 0.0 1.000 1.3 1.68 2.75 3.58
0.5 0.710 10.02 11.87 33.82 40.20 0.5 0.710 0.36 0.43 0.6 0.72 0.5 0.710 11.14 13.18 29.66 35.14 0.5 0.710 1.5 1.94 4.25 5.53
1.0 0.500 12.34 14.62 46.16 54.87 1.0 0.500 1.68 2.02 2.28 2.75 1.0 0.500 17.41 20.60 47.07 55.76 1.0 0.500 2.3 2.98 6.55 8.52
1.5 0.350 5.54 6.57 51.7 61.45 1.5 0.350 4.77 5.74 7.05 8.50 1.5 0.350 17.36 20.54 64.43 76.33 1.5 0.350 3.32 4.30 9.87 12.84
2.0 0.250 1.97 2.33 53.67 63.79 2.0 0.250 7.44 8.96 14.49 17.47 2.0 0.250 13.23 15.65 77.66 92.00 2.0 0.250 4.68 6.06 14.55 18.94
2.5 0.180 1.30 1.54 54.97 65.34 2.5 0.180 6.06 7.30 20.55 24.77 2.5 0.180 4.68 5.54 82.34 97.55 2.5 0.180 4.29 5.56 18.84 24.52
3.0 0.125 4.89 5.80 59.86 71.15 3.0 0.125 17.37 20.92 37.92 45.71 3.0 0.125 1.78 2.11 84.12 99.66 3.0 0.125 8.99 11.65 27.83 36.22
3.5 0.090 14.94 17.71 74.8 88.91 3.5 0.090 35.58 42.85 73.5 88.61 3.5 0.090 0.28 0.33 84.4 99.99 3.5 0.090 35.6 46.13 63.43 82.55
4.0 0.063 7.90 9.36 82.7 98.30 4.0 0.063 8.93 10.75 82.43 99.37 4.0 0.063 0.01 0.01 84.41 100.00 4.0 0.063 12.88 16.69 76.31 99.31
pan 1.43 1.69 84.13 100.00 pan 0.52 0.63 82.95 100.00 pan 0.00 0.00 84.41 100.00 pan 0.53 76.84 100.00
Loss in sieving (g)0.25Loss in sieving (%) 0.29628 Loss in sieving (g)0.09Loss in sieving (%) 0.10838 Loss in sieving (g)0.11Loss in sieving (%) 0.13015 Loss in sieving (g)0.34Loss in sieving (%) 0.44053
Sample # 6 Sample # 12 Sample # 18 Sample # 24
Weight of Sample 66.70 Weight of Sample 62.14 Weight of Sample 88.14 Weight of Sample 73.29
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 0.59 0.88 0.59 0.87 -1.0 2.000 1.33 2.14 1.33 2.14 -1.0 2.000 19.38 21.99 19.38 22.00 -1.0 2.000 0.26 0.35 0.26 0.36
-0.5 1.410 1.02 1.53 1.61 2.38 -0.5 1.410 0.72 1.16 2.05 3.30 -0.5 1.410 7.86 8.92 27.24 30.93 -0.5 1.410 0.24 0.33 0.5 0.68
0.0 1.000 2.88 4.32 4.49 6.64 0.0 1.000 1.87 3.01 3.92 6.31 0.0 1.000 6.30 7.15 33.54 38.08 0.0 1.000 0.43 0.59 0.93 1.27
0.5 0.710 2.74 4.11 7.23 10.69 0.5 0.710 3.32 5.34 7.24 11.66 0.5 0.710 7.29 8.27 40.83 46.36 0.5 0.710 0.96 1.31 1.89 2.58
1.0 0.500 3.68 5.52 10.91 16.13 1.0 0.500 5.57 8.96 12.81 20.63 1.0 0.500 11.84 13.43 52.67 59.80 1.0 0.500 2.28 3.11 4.17 5.70
1.5 0.350 2.65 3.97 13.56 20.04 1.5 0.350 2.62 4.22 15.43 24.86 1.5 0.350 12.48 14.16 65.15 73.97 1.5 0.350 2.98 4.07 7.15 9.77
2.0 0.250 3.12 4.68 16.68 24.66 2.0 0.250 1.35 2.17 16.78 27.03 2.0 0.250 11.41 12.95 76.56 86.92 2.0 0.250 3.08 4.20 10.23 13.98
2.5 0.180 3.82 5.73 20.5 30.30 2.5 0.180 1.22 1.96 18 28.99 2.5 0.180 6.40 7.26 82.96 94.19 2.5 0.180 3.42 4.67 13.65 18.66
3.0 0.125 17.75 26.61 38.25 56.54 3.0 0.125 3.81 6.13 21.81 35.13 3.0 0.125 3.81 4.32 86.77 98.51 3.0 0.125 12.28 16.76 25.93 35.45
3.5 0.090 23.65 35.46 61.9 91.50 3.5 0.090 24.50 39.43 46.31 74.60 3.5 0.090 1.27 1.44 88.04 99.95 3.5 0.090 35.88 48.96 61.81 84.50
4.0 0.063 5.19 7.78 67.09 99.17 4.0 0.063 14.44 23.24 60.75 97.86 4.0 0.063 0.04 0.05 88.08 100.00 4.0 0.063 10.70 14.60 72.51 99.13
pan 0.56 0.84 67.65 100.00 pan 1.33 2.14 62.08 100.00 pan 0.00 0.00 88.08 100.00 pan 0.64 0.87 73.15 100.00
Loss in sieving (g)-0.95Loss in sieving (%) -1.4243 Loss in sieving (g)0.06Loss in sieving (%) 0.09656 Loss in sieving (g)0.06Loss in sieving (%) 0.06807 Loss in sieving (g)0.14Loss in sieving (%) 0.19102
Sample # 7 Sample # 13 Sample # 19 Sample # 25
Weight of Sample 80.80 Weight of Sample 90.70 Weight of Sample 71.25 Weight of Sample 88.78
Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%) Sieve (phi)Sieve (mm)Sample (g) wt (%)Cum. Wt. (g)Cum Wt (%)
-1.0 2.000 2.81 3.48 2.81 3.48 -1.0 2.000 0.34 0.37 0.34 0.38 -1.0 2.000 5.44 7.64 5.44 7.65 -1.0 2.000 25.01 28.17 25.01 28.23
-0.5 1.410 2.66 3.29 5.47 6.78 -0.5 1.410 0.81 0.89 1.15 1.27 -0.5 1.410 3.05 4.28 8.49 11.93 -0.5 1.410 11.37 12.81 36.38 41.07
0.0 1.000 3.69 4.57 9.16 11.35 0.0 1.000 1.90 2.09 3.05 3.37 0.0 1.000 3.21 4.51 11.7 16.45 0.0 1.000 11.39 12.83 47.77 53.93
0.5 0.710 5.13 6.35 14.29 17.71 0.5 0.710 3.52 3.88 6.57 7.25 0.5 0.710 4.12 5.78 15.82 22.24 0.5 0.710 9.59 10.80 57.36 64.76
1.0 0.500 5.99 7.41 20.28 25.14 1.0 0.500 5.57 6.14 12.14 13.40 1.0 0.500 8.48 11.90 24.3 34.16 1.0 0.500 9.09 10.24 66.45 75.02
1.5 0.350 3.60 4.46 23.88 29.60 1.5 0.350 2.21 2.44 14.35 15.84 1.5 0.350 12.20 17.12 36.5 51.31 1.5 0.350 5.77 6.50 72.22 81.53
2.0 0.250 2.75 3.40 26.63 33.01 2.0 0.250 1.71 1.89 16.06 17.73 2.0 0.250 19.19 26.93 55.69 78.28 2.0 0.250 5.21 5.87 77.43 87.41
2.5 0.180 2.76 3.42 29.39 36.43 2.5 0.180 2.80 3.09 18.86 20.82 2.5 0.180 12.99 18.23 68.68 96.54 2.5 0.180 3.37 3.80 80.8 91.22
3.0 0.125 12.78 15.82 42.17 52.27 3.0 0.125 18.57 20.47 37.43 41.32 3.0 0.125 2.29 3.21 70.97 99.76 3.0 0.125 3.31 3.73 84.11 94.95
3.5 0.090 30.43 37.66 72.6 89.99 3.5 0.090 45.43 50.09 82.86 91.48 3.5 0.090 0.13 0.18 71.1 99.94 3.5 0.090 3.15 3.55 87.26 98.51
4.0 0.063 6.97 8.63 79.57 98.62 4.0 0.063 7.35 8.10 90.21 99.59 4.0 0.063 0.02 0.03 71.12 99.97 4.0 0.063 1.18 1.33 88.44 99.84
pan 1.11 1.37 80.68 100.00 pan 0.37 0.41 90.58 100.00 pan 0.02 0.03 71.14 100.00 pan 0.14 0.16 88.58 100.00
Loss in sieving (g)0.12Loss in sieving (%) 0.14851 Loss in sieving (g)0.12Loss in sieving (%) 0.1323 Loss in sieving (g)0.11Loss in sieving (%) 0.15439 Loss in sieving (g)0.2Loss in sieving (%) 0.22528
